Using a reaction time (RT) task, the biceps brachii muscle was investigated in five healthy subjects to determine whether EMG in the initial phase of activity is dependent upon the direction of movement, i.e., elbow flexion and forearm supination, and/or influenced by the presence or absence of warning signal. Results showed that in the presence of warning EMG-RT of forearm Supination was faster than that of elbow flexion, and that the reverse occurred in the absence of warning. The warning signal significantly reduced EMG-RT of both movements and the reduction of EMG-RT was larger in Supination than flexion. Compared to forearm supination, large amplitude potentials were observed during elbow flexion. The warning suppressed EMG activities of both movements within 30 msec after their initiation. The present study indicates that the biceps brachii muscle exhibits a motor response program specific to the direction of movements and that preparatory set conditioned by warning shortens RT and also suppresses EMG activities, reaction time ; warning signal ; biceps brachii ; EMG Electromyographic reaction time (RT) studies of the biceps brachii muscle have shown that RT of forearm supination was faster than that of elbow flexion for simple RT and go/no go choice RT conditions, and that the effect of warning to reduce RT was more remarkable on forearm supination than elbow flexion (Nakamura and Saito 1974; Wakabayashi et al. 1981; Kasai et al. 1982) . Results from these studies indicate that the direction of movement and warning signal are variables relating to the motor output process and that different motor
Electromyographic reaction time (RT) studies of the biceps brachii muscle have shown that RT of forearm supination was faster than that of elbow flexion for simple RT and go/no go choice RT conditions, and that the effect of warning to reduce RT was more remarkable on forearm supination than elbow flexion (Nakamura and Saito 1974; Wakabayashi et al. 1981; Kasai et al. 1982) .
Results from these studies indicate that the direction of movement and warning signal are variables relating to the motor output process and that different motor Received February 9, 1988 ; revision accepted for publication March 2, 1988 programs govern the two movements of the biceps brachii muscle. Then a question arises whether EMG activity, especially the initial phase, is dependent upon these variables since the initial agonist burst of fast stereotyped voluntary movement is centrally preprogrammed (Hallett et al. 1975) . Romeny et al. (1982) , examining the biceps brachii, reported that on isometric contraction motor units with a high force threshold for flexion tended to show a low threshold for supination and vice versa. These results suggest that motor units are recruited selectively and the input of the motor neuron pool from higher centers differ for each movement.
In this study, using a reaction time task, we investigated 1) how EMG patterns differed for elbow flexion and forearm supination in the initial phase of activity and 2) whether the presence or absence of warning signal influenced the two movements.
METHOD
Five healthy right-handed men ranging in age from 21 to 42 years old participated in this study.
During a single experimental session lasting about 45 min, the subject sat comfortably on a specially designed chair with eyes closed, keeping the trunk upright and the shoulders in kinesiologically neutral position. The forearms rested on arm holders with the elbow angles at 45 degrees flexion and the forearms, wrists and hands at neutral position, i.e., midway between pronation and supination.
The subject was instructed to respond to a command tone signal (1000 Hz. about 100 db, 50 msec) provided by a loudspeaker situated above the subject with either rapid right elbow flexion or forearm supination under four tasks which were combinations of two factors, direction of movement and warning signal : 1) elbow flexion with warning, 2 ) elbow flexion without warning, 3) forearm supination with warning, and 4) forearm supination without warning.
In the "with warning signal" condition, the command tone signal was presented 2 sec after a verbal warning ("ready") with an intertrial interval of about 20 sec. In the "without warning signal" condition , the command signal was retained but the warning was omitted. Intertrial interval varied randomly between 15 to 60 sec. At least 10 trials for each condition counterbalanced among the subjects were taken. To familiarize the subject with the experimental design, several practice trials were performed prior to the experimental run.
EMG activity of the right biceps brachii was bipolarly recorded through surface electrodes, attached 3-4 cm apart (center to center) on the muscle belly. After amplification with a bioelectric amplifier (-3 dB, 16-1000 Hz, AB621G, Nihon Kohden, Tokyo) the EMG signal was recorded in a digital computer (PC-9801VM2, NEC, Tokyo) via A/D converter with a sampling frequency of 1 kHz. EMG-RT, defined as the latency from the tone signal to the onset of EMG activities, was measured on the computer display (PC-8853N, NEC, Tokyo) with a msec scale. Raw EMG from onset until 50 msec after start of activity was recorded and subsequently full wave rectified, averaged and integrated. The means and standard deviations (SDs) of integrated (iEMG) values in time bins of 0-10, 10-20, 20-30, 30-40 , and 40-50 msec for each subject in each condition were calculated and analyzed. Table 1 shows the mean RTs of elbow flexion and forearm supination for the two conditions. A three-way ANOVA (movement x condition x subject) revealed that the main effect of condition was significant (F(1, 4) =15.72, p <0.05), while the main effect of movement lacked significance. The interaction, movement x condition, was marginally significant (F(1, 4) = 6.04, 0.05 < p < 0.1). Using a paired t-test, mean RT of forearm supination was significantly faster than that of elbow flexion with warning (t = 4.46, df = 4, p <0.05), and the difference of RTs with and without warning was significantly larger in supination than in flexion (t=3.67, df=4, p<0.05).
RESULTS
Fig, l presents rectified EMG and iEMG average of 10 trials of one subject in each condition. In the presence of warning signal, rectified EMGs in both elbow flexion and forearm supination were small compared to those without warning signal. The slopes of iEMG for the two movements without warning were also sharper than those with warning. Regardless of the presence or absence of warning, the action potentials of elbow flexion were of higher amplitude than forearm supination. Moreover, steeper slopes of iEMG were seen for elbow flexion rather than forearm supination. Table 2 shows the means and SDs of iEMG values in time bins of 0-10, 10-20, 20-30, and 40-50 msec, respectively, in each condition. Using a three-way ANOVA (movement x condition x subject), the main effect of condition was found significant at 0-10, 10-20, and 20-30 msec. (F(1, 4) = 12.47, p <0.05; F(1, 4) = 7.87, p <0.05; F(1, 4) = 7.95, p <0.05, respectively). On the other hand, at 10-20, 20-30, and 30-40 msec, the main effect of movement tended to be significant (F(1,4) = 7.44; F(1, 4) = 6.16; F(1, 4) = 7.43, 0.05 < p <0.1, respectively) and significant at 40-50 msec (F(1, 4) = 8.47, p <0.05). However, there was no significant interaction between movement and condition in any of the sampled sections. Thus, the effect of warning on suppression of EMG amplitude or decreased iEMG continued up to 30 msec after initiation of activity. In addition, 
DISCUSSION
The present study confirmed previous reports that in the presence of warning signal RT of forearm supination was faster than that of elbow flexion, and that the reverse occurred in the absence of warning. In addition, two findings were shown by this experiment : 1) EMG patterns were different for elbow flexion and forearm supination ; and 2) within 30 msec, suppression of EMG activity was observed in tasks with warning compared to tasks without warning. The biceps brachii showed different EMG activities when tested for primary and secondary functions, i.e., elbow flexion and forearm supination respectively, further supporting the view that different motor programs governed the two movements. Kinesiologically, the biceps brachii muscle is primarily an elbow flexor (Brunnstrom 1980) which could explain the relatively high amplitude potentials during elbow flexion compared to forearm supination, the muscle's secondary function. The difference of EMG activity between the two movements pointed out that the biceps brachii exhibited a motor response program specific to the direction of movement indicating that the motor behavior of a multifunctional muscle may be characterized by selective EMG activity depending upon task demands.
During forearm supination EMG showed low amplitude potentials suggesting three possibilities : 1) the number of motor units recruited were small, 2) discharge frequency of motor units was low, and 3) smaller motor units were preferentially recruited from the motor neuron pool compared to elbow flexion (Basmajian and De Luca 1985) . Gydikov and Kosarov (1974) also working with the biceps brachii reported different firing rates for different units proposing the existence of two types of motor units, low amplitude tonic and high amplitude phasic.
Lower amplitude potentials were seen in the presence of warning compared to the without warning task and this difference was significant up to 30 msec from onset of activity, indicating that movement preparation resulted in an inhibitory influence in the motor output process. Requin et al. (1977) suggested that the motor command triggered by the warning signal would have the benefit of preparation either in the cortical or reticular activating system levels before being executed by spinal motor structures. At the same time, however, descending supraspinal commands suppressed monosynaptic reflexes at Ia terminals as well as polysynaptic reflexes in the spinal motor structures from all irrelevant inputs of peripheral origin which may disturb the preparatory process. Consequently, it is conceivable that the reaction time is faster due to preparatory set, but because of monosynaptic and polysynaptic reflex suppression, motor output results in lower amplitude potentials in the presence of warning signal.
